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Brightness Temperature (Tb)
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@ e B measured by passive microwave sensors
Thyer (Top-Of-Atmosphere) M dry and warm land surface — high Tb [K]
N O G TG B wet and cold land surface — low Tb [K]

\ \ \ _
Tbror (Top-Of-Vegetation)

The relationship between brightness tem-
perature (Tb) and soil moisture (SM) is very
sensitive to local parameters
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Tau-Omega Radiative Transfer Model (RTM)

saivosureand : Z@ro-order microwave radiative transfer model:

Microwave

S q}“‘: B soil contributions  : moisture (dielectric
RTM Tbro‘ (TOP-Of-AimOSPhere) constant), roughness (h) — rough
SMOS_/SMAP Atmospheric contributions reflectivity (7,)

:;tt C Towr Top-‘Of-Ve etation) B vegetation contributions : opacity (7,)

Temperatures

— attentuation (Ap); scattering (w)
B atmospheric contributions

RTM Parameters ¢
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Tbroap = Tbaup + eXP(—Tatmp) Tbrov,
Tbrov, = Tl —71,A4,
+Te(1 —wp) (1 — Ap)(1 + 71,4,
+Tbad,p7“pAp2

GEOS-5 Catchment LSM (Fortuna 2.3; 5 cm surface layer):

B soil moisture, surface temperature (1'y = T'.), LAI,...
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SMOS and SMAP

Soil Moisture and : SMOS (ESA, Soil Moisture Ocean Salinity) SMAP (NASA, Soil Moisture Active Passive)
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RTM “/ ‘ ) ﬁ?"
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launch 204

launched November 2009

Conclusions

]
L-band radiometer B L-band radiometer/radar
]

sensing depth =5 cm sensing depth =5 cm

40 km resolution B 3-40 km resolution

— Calibrate radiative transfer model using Th data from SMOS to
prepare for SMAP
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SMOS and SMAP

Soil Moisture and ~ » SMOS (ESA, Soil Moisture Ocean Salinity) SMAP (NASA, Soil Moisture Active Passive)
Microwave : _
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Each location
seen once per
overpass at fixed
40° incidence
angle (conical
scan)

20 — 30 — 40 — 50 — 60 ——
Incidence Angle [°] o~13K

Each location
seen with multiple
incidence angles
per overpass
Each snapshot:
o~4K

Tb [K]
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Before Calibration

Large time-mean bias

1 Jan 2011 - 1 Jan 2012, 36 km
< SMOS observed Tb, H-pol, 42.5°

|l Model-minus-Observations , with the
model using prescribed RTM parameters
(SMAP, L-MEB literature, ECMWF-SMOS)
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Lit3 (EC- SMOS)
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Before Calibration

Large differences in temporal variability

1 Jan 2011 - 1 Jan 2012, 36 km
< SMOS observed Tbh, H-pol, 42.5°

b) S[TbSMOS

]; avg=11.13, std=5.89 [K]

|l Model-minus-Observations , with the
model using prescribed RTM parameters
(SMAP, L-MEB literature, ECMWF-SMOS)

Lit3 (EC-SMOS)
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SMOS versus CLSM/RTM
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Ascending multi-angular Th, annual (2011) global average
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B Dbias is angle- and polarization-dependent
B after calibration with 2010 data, CLSM/RTM Tb will be unbiased vs.
SMOS in 2011
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RTM-Parameters

samvosueand < Different calibration scenarios:

Microwave

Radiances : 1) Selected parameters «(/V,), control vector:

Calibration Parameter [minnmax] A B C D
o Rnin 0, 2.0 X X X X
Parameters - Al = hpaz — Pmin 0, 1.0] X X X X
: | w 0, 0.3] X X
empeaes | by 0, 0.7] X X
ceanees § | Ab = by — by [-0.15, 0.15] X X

remanngeieses © [l microwave roughness /)

Conclusions

B scattering albedo w

B vegetation opacity T
=b, LEWT LAI

Transition SM Porosit)y

2) Prior information ap(/V,):
bounded Gaussian, centralized around Litl, Lit2, Lit3

—> total of 12 calibration scenarios (e.g. CalD2)
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Multi-Variate Objective Function .J

Microwave
Radiances

Sail Moisture and For 6 angles, 2 polarizations, 2 orbit directions () , S:p D 4), penalize

B differences in long-term mean

Calibration

e MW differences in long-term standard deviation

0-pol : M deviations from prior (literature) parameter values

Parameters .

J Search algorithm: particle swarm optimization; 1 year (2010)

Brightness
Temperatures

RTM Parameters

. H V A D 2 N
emaining Biases : j \ j \ j \ NQ < Tb > < Tb(Oé) >)9 d
ionclusioij E J Wm ’p’ 0-2 £ > J<.>,O
. m

J

A,
s NH,p, Tb ] [Tb(&)])g,p,d

+WYYY N 52 ¢ Js[.],o
1 o= (agi — o) )
N, parameters simul- W, —— Z doi — % > J.
_ N, 4 o2
taneously optimized at i—1 Qo,i )

each gridcell individually
GMAO-18Sepl2 — 13/ 28



Globally Averaged .J
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B 1) Jisreduced after calibration
B 1 CalA (only calibrating h) is

clearly not optimal

B = mean bias (J. - ,) is the

largest component, and most
reduced through calibration

B — standard deviation difference

(Js1],0) Optimized, but strongly
constrained by LSM variations
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CLSM/RTM minus SMOS Tb - Mean

H-pol, 42.5°, ascending, 1/1/2011-1/1/2012 (validation period)
Litl (SMAP)

LRI
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-50 -40 -30 -20 -10 0 10 20 30 40 50[K]

B mostly unbiased long-term mean in the period after calibration

B Dbias independent of incidence angle and pol (not shown)
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CLSM/RTM minus SMOS Tb - Standard Deviation

H-pol, 42.5°, ascending, 1/1/2011-1/1/2012 (validation period)
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B preserved temporal variability, while reducing the bias
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Sensitivity of Tb  (42.5°) to Soil Moisture
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BLit1 L2 Lit3

|

dTh, /dSM [K/0.01 m*.m™]

Lit CalA CalB CalC CalD
Scenario

rule of thumb for bare soil:

dSM ~ 0.01 m®.m~* corresponds to dTh;(40°) ~ 2-3 K

Lit3 clearly lacks sensitivity, because of a too high h-parameter
after calibration, the sensitivity is reasonable and closest to Lit2,
regardless of prior values

— Important for assimilation: a difference between observed and
simulated Tb will be mapped to a change in soil moisture
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Global Averages

B Lt P Lit2 Lit3 Parameter estimates are more
consistent for the most

Soil Moisture and E
Microwave
Radiances

Calibration complex calibration scenario.
Brightness
Temperatures Param A B C D

RTM Parameters E hmzn X X X X

Global

N America L|t Ah X X X X

Veget. class w X X

- . by X X
Remaining Biases ¢

: Ab X X

Conclusions

B < / > =time-averaged
Lit CalA CalB CalC CalD (soil moisture dependent)
< 7 > =time-averaged
(LAI dependent),
polarization-averaged

(W = constant

oLl b W] B

Lit CalA CalB CalC CalD GMAO-18Sep12 — 20 / 28



Spatial Patterns:

od

TR s T 7k

<t o @vg=0.48, std=0.68 [-] <h el @V9=0.59, std=0.46 [-] O qer @v9=0.05, std=0.00 [-]

mod

<h el>; avg=0.84, std=0.51 [-] (Dmodel; avg=0.08, std=0.07 [-]

<Tsmos” m=0.33, s=0.20 [-]

from homogeneous to locally optimized parameters
vegetation/soil/climate patterns

(need RTM recalibration with new CLSM parameters)
calibrated and SMOS 7 have a similar magnitude
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Spatial R: < 7>, < h >, w

Soil Moisture and
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Scenario
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. . o Scenario Scenario
Remaining Biases ¢
: D3
Conclusions . b)
o D2 .
: D1 B spatial parameter patterns are
° C3 b .
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: o Cimmm ; ] o .
g3 % f most calibration scenarios
° c BZ, // i
. @ ; . . .
S 1 W Dbig differences with prior patterns
o A2l ///
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Optimal <7 >, < h >, w

IGBP land cover
Bt B2 JLit3[  |CcalD2

Evergreen Needleleaf Forest
Evergreen Broadleaf Forest
Deciduous Needleleaf Forest

T T T T T T T T T T T
M M Deciduous Broadleaf Forest
| Mixed Forest
Closed Shrublands
] Open Shrublands
Woody Savannas
9 Savannas
10 Grasslands
- - 12

Croplands

1 2_ 3 4 5 6 7 8 9 10 12 14 16 14 Crop and Natural Vegetation

16 Barren or Sparsely Vegetated

O N OB WN -

<h> [-]

o

O
—
N

B CalD2 = Lit2 as prior,

I m | | calibrate hpin, Pmaz, O, by, W
B reasonable optimal parameters;
0 LMMMMMML large within-class variability
1 2 3 456 7 8 910121416 @ when using class-averaged (as
2 opposed to local) calibrated

parameters, the RTM still performs
301 ‘ ‘ ‘ w better than with Lit1, Lit2 or Lit3
Tk hhn
123 456

<t> []

— use aggregate CalD2 pa-

||| I I I“ rameters in unobserved regions
10 12 14 16

m—
©—
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Vegetation Opacity 7
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01/01/2010 01/07/2010 01/01/2011 01/07/2011 31/12/2011

- Little River, Georgia (e SMOS retrievals; — CLSM/RTM)
- Walnut Gulch, Arizona (ll SMOS retrievals; — CLSM/RTM)

—> Vegetation opacity values from the calibrated CLSM/RTM distiguish

well between more and less vegetated areas, and are consistent with
SMOQOS retrievals
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Hovm Oller Plots: CLSM/RTM minus SMOS Tb

Ascending H-pol Ascending V-pol
500 e 50 ai |
U] l‘ U] | ij %
o 1 o negy |
2 ¢ 2 IR
S orf i} S ooy {1 LA
l Ll
1 E pk 1k
507 | 500 ‘
01/01/2010 01/01/2011 01/01/2012  01/01/2010 01/01/2011 01/01/2012
I : _ N
-10 -5 0 5 10[K]

B 6-angle average (32.5, ..., 57.5)°
B using full-pol SMOS data only (early 2010: switch dual-full pol)

Clear seasonal biases remaining,
partly due to CLSM/RTM Tb biases, partly due to SMOS Tb biases

For example: ascending V-pol in North America:

B simulated Thy cannot exceed CLSM Tg, irrespective of the parameters

B ascending SMOS sees military radar, remaining RFI contamination may be present
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Hovm Oller Plots: CLSM/RTM minus SMOS Tb

Ascending H-pol Ascending V-pol
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Conclusions

savosueans © M Biases between SMOS and CLSM/RTM Th, when using literature

Microwave

Radiances parameters

Callbration B RTM calibration/validation (split sample 2010 / 2011)
Brightness :
Temperaues ] multi-angular; multi-polarization; multi-orbit; local

RTM Parameters

[] objective function: minimize

Remaining Biases

Conclusions m differences in long-term mean,;

m differences in long-term standard deviation;

m deviations from prior (literature) parameter values.

[] long-term unbiased Th, seasonal to diurnal biases remaining

[] realistic effective RTM-parameter patterns N,
Tbro4 (Top-Of-Atmosphere)

B Future Atm(\)sphe{ic coQtributions
Tbror (Top-Of-Vegetation)

[J new CLSM climatology will need new calibration

[J] Tb assimilation, SMAP L4_SM product
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Questions? In review, Journal of Hydrometeorology; Gabrielle.DeLannoy@nasa.gov
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